. Exercise-induced albuminuria is related to metabolic syndrome. Am J Physiol Renal Physiol 310: F1192-F1196, 2016. First published April 13, 2016 doi:10.1152/ajprenal.00481.2015 is a known marker for endothelial dysfunction and future cardiovascular events. Exercise-induced albuminuria (EiA) may precede the appearance of MA. Associations between EiA and metabolic syndrome (MS) have not been assessed so far. Our aim was to investigate this association in a large sample of apparently healthy individuals with no baseline albuminuria. This was a cross-sectional study of 2,027 adults with no overt cardiovascular diseases who took part in a health survey program and had no baseline MA. Diagnosis of MS was based on harmonized criteria. All patients underwent an exercise test (Bruce protocol), and urinary albumin was measured before and after the examination. Urinary albuminto-creatinine ratio (ACR) values before and after exercise were 0.40 (0.21-0.89) and 1.06 (0.43-2.69) mg/g for median (interquartile range) respectively. A total of 394 (20%) subjects had EiA; ACR rose from normal rest values (0.79 mg/g) to 52.28 mg/g after exercise (P Ͻ 0.001); this effect was not shown for the rest of the study population. EiA was related to higher prevalence of MS (13.8% vs. 27.1%, P Ͻ 0.001), higher metabolic equivalents (P Ͻ 0.001), higher baseline blood pressure (P Ͻ 0.001), and higher levels of fasting plasma glucose, triglycerides, and body mass index (P Ͻ 0.001). Multivariate binary logistic regression model showed that subjects with MS were 98% more likely to have EiA (95% confidence interval: 1.13-3.46, P ϭ 0.016). In conclusion, EiA in the absence of baseline MA is independently related to MS. exercise-induced albuminuria; metabolic syndrome; stress test MICROALBUMINURIA (MA) is a well-established marker for cardiovascular events and endothelial dysfunction in patients with metabolic syndrome (MS) and is especially related to hypertension and diabetes mellitus (DM). Urinary MA is also a marker for cardiovascular events in the general population (1, 3, 6, 7, 12, 13, 18, 21, 26, 31) . There is a growing body of evidence to suggest that a reduction in the magnitude of albumin excretion (e.g., through the use of renin-angiotensinaldosterone system inhibition) translates to reduced cardiovascular risk (16, 17, 22) . While previous studies have shown an association of exercise-induced albuminuria (EiA) with type 1 DM and hypertension (20, 36) , the relationship between EiA and MS has not been assessed so far. Our aim was to examine whether EiA, in the absence of baseline MA, is related to early dysmetabolic characteristics in apparently healthy individuals without overt hypertension, DM, or other cardiovascular diseases.
While previous studies have shown an association of exercise-induced albuminuria (EiA) with type 1 DM and hypertension (20, 36) , the relationship between EiA and MS has not been assessed so far. Our aim was to examine whether EiA, in the absence of baseline MA, is related to early dysmetabolic characteristics in apparently healthy individuals without overt hypertension, DM, or other cardiovascular diseases.
METHODS
Population. We analyzed data that was collected between January 2008 to February 2013 at the Tel-Aviv Medical Center Inflammation Survey, a registered databank of the Israeli Ministry of Justice (23, 28, 29, 35) . This is a relatively large cohort of subjects who attended our medical center for a routine annual checkup and gave their written informed consent for participation. The study was approved by the local Ethics committee.
For the purpose of this study, urine samples for albumin measurement were collected from participants before and after an exercise test performed according to the Bruce protocol. A total of 3,916 subjects gave their informed consent. A systematic examination ruled out enrollment bias due to sociodemographic or biomedical variables.
We excluded 505 subjects due to lack of urinary tests (before or after the exercise test), 563 subjects due to history of known DM, diagnosed hypertension, previous cardiovascular disease or cerebrovascular accident, 140 subjects with rest MA, and another 681 subjects without valid exercise tests results (test performed on a bicycle instead of a treadmill or an incomplete test). After these exclusions, the final cohort comprised 2,027 participants (Table 1) . Another 127 individuals had no valid measurements of urinary creatinine concentration before or after the exercise, therefore, the values shown in Table 2 include only 1,900 subjects.
Study protocol. Blood samples were drawn upon the participants' arrival to the center after a 12-h overnight fast. Only after the morning blood test were participants allowed to drink, and after the exercise test they were invited to eat breakfast.
As the urinary albumin-to-creatinine ratio (ACR) is the standard method for assessing proteinuria (MA and macroalbuminuria) by a urine spot test (5, 23a, 38) , with a standard cutoff of 30 mg/g for MA, we performed calculation of the urinary ACR as well.
Definitions of MS. Diagnosis of MS was based on the joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity (2) . Briefly, elevated waist circumference was defined as Ն94 cm (37 in,) in men and Ն80 (31.5 in.) in women, as recommended for Europid and Middle East. Elevated triglycerides were defined as Ն150 mg/dl (1.7 mmol/l) or on drug treatment for elevated triglycerides. Reduced high-density lipoprotein-cholesterol was defined as Ͻ40 mg/dl (1.0 mmol/l) in men and Ͻ50 mg/dl (1.3 mmol/l) in women or on drug treatment for reducing high-density lipoprotein-cholesterol. Elevated blood pressure was defined as Ն130 mmHg for systolic blood pressure or Ն85 mmHg for diastolic blood pressure or on antihypertensive drug treatment in a patient with a history of hypertension. Elevated fasting glucose was defined as Ն100 mg/dl (5.55 mmol/l).
MA measurement and definition. Urine tests were analyzed by an ADVIA chemistry analyzer (Siemens Healthcare Diagnostics, Tarrytown, NY), which is an improved microalbumin detection method with an extended analytic range of 3-420 mg/l and coefficient of variation of 2% (9) .
EiA was defined as a change in ACR values above 3 mg/g (ACR after exercise minus baseline ACR). It is accepted that a spot urine test for urinary ACR is a standard method for assessing proteinuria using a spot examination, as advised by National Kidney Foundation Kidney Disease Outcomes Quality Initiative guidelines (5, 23a, 38) .
To rule out elevation of albuminuria after exercise due to dehydration, the specific gravity of urine was analyzed before and after exercise on a subset of 132 patients with similar characteristics to participants in the present study.
Statistical analysis. All continuous variables are displayed as means (SD) or median [interquartile range (IQR)], whereas categorical variables are displayed as numbers (%) of patients within each group. The different biomarkers in the albumin excretors and nonexcretors were compared by a Student's t-test for normally distributed variables and by the Mann-Whitney U-test for non-normally distributed variables. To assess associations among categorical variables, we used a 2 -test. Multivariate binary logistic regression modeling was used to evaluate the odds ratio of EiA among subjects according to the presence of MS. All models were further adjusted for the following specified covariates: age, sex, body mass index, heart rate, diastolic and systolic blood pressures, metabolic equivalents (METS), highsensitivity C-reactive protein, white blood cell count, glucose, and estimated glomerular filtration rate Ͻ 60 ml/min. Odds ratios (and 95% confidence intervals) for EiA in subjects with MS were compared with participants without MS as the reference group. P values of Ͻ0.05 were considered statistically significant. The SPSS 22.0 Values are means Ϯ SD or medians (interquartile range). ACR, urinary albumin-to-creatinine ratio; change in ACR, ACR after exercise minus baseline ACR; change in urinvary albumin, exercise-induced albuminuria. 
RESULTS
This study included 2,027 participants with a mean age of 44 Ϯ 10 yr (67% male partipants and 33% female participants). Anthropometric values, blood pressure measurements, Bruce protocol exercise test results, and relevant laboratory and inflammation-sensitive biomarkers are shown in Table 1 .
For the entire cohort, urinary albumin concentrations were elevated after the exercise test (Bruce protocol). Albumin concentrations before and after exercise were 3.0 (1.2-3) mg/l and 7.1 (4 -16.6) mg/l for median (IQR), respectively. The change in albumin (EIA) median (IQR) difference was 2. In the next step, we divided our cohort based on EiA above or below the change in ACR values of 3 mg/g. Three hundred and ninety-four subjects presented with EiA (20%). The group with EiA had significantly increased body mass index, MS prevalence rates, systolic blood pressure, triglycerides, METS, and glucose levels than subjects with EiA below 3.0 mg/g ( Table 2 ).
This top quintile of the population had a normal mean ACR (0.79 mg/g) at rest, but, however, displayed an abnormally high mean ACR of 52.2 mg/g after exercise (P Ͻ 0.001), with 8.3% meeting the criteria for MA (38) compared with none in the group with a change in ACR of Ͻ3 mg/g (P Ͻ 0.001; Table 2 ).
Multivariate binary logistic regression analysis showed that MS was associated with an increased likelihood for the presence of EiA (odds ratio: 2.2, 95% confidence interval: 1.5-3.2, P Ͻ 0.001). Other factors independently related to EiA were glomerular filtration rate Ͻ 60 ml/min, METS, high-sensitivity C-reactive protein, and systolic blood pressure (after adjustment for age, sex, and obesity); data are shown in Fig. 1 , Table 3 , and Fig. 2 .
METS was weakly and inversely correlated with baseline ACR (r ϭ Ϫ0.07, P ϭ 0.004) and weakly and positively correlated with postexercise ACR (r ϭ 0.09, P Ͻ 0.001). In fact, METS scores of the highest EiA group were significantly higher (12.8 Ϯ 2.8 vs. 11.8 Ϯ 2.5, P Ͻ 0.001).
As for the assessment of urinary dilution, a statistically significant reduction of specific gravity after exercise was shown (specific gravity before: 1.015 Ϯ 0.008 vs. after: 1.013 Ϯ 0.07, P ϭ 0.02). The test for specific gravity was done before and after exercise on a small cohort comprising 132 subjects with similar characteristics to participants in the present study.
DISCUSSION
The main finding of the present study is that EiA is independently related to the presence of MS in individuals without rest MA, after adjustment for multiple factors including exercise intensity.
MA is related to adverse cardiovascular events and cardiovascular death in diabetic and hypertensive patients, in patients with MS, and in the general population (1, 12, 14, 15, 18, 21, 26) . Endothelial dysfunction and MA are related; both are found in dysmetabolic patients, and endothelial dysfunction precedes the development of MA in diabetic patients (25, 33, 34) . Variable(s) entered to the model were as follows: age, sex, heart rate, diastolic and systolic blood pressures, metabolic equivalents, high-sensitivity C-reactive protein, white blood cell count, glomerular filtration rate Ͻ 60 ml/min, and metabolic syndrome. Hypertension, DM, impaired fasting glucose, and dyslipidemia are risk factors for MA and exercise-induced MA. According to previous studies, exercise-induced MA may be an early sign of diabetic nephropathy, the development of MA at rest, and adverse cardiovascular events in diabetic patients treated with insulin (10, 24) .
In the present study, we focused on individuals without rest MA and without overt cardiovascular diseases. We found that a significant percentage of them had albuminuria (20%) and that these subjects were more likely to be dysmetabolic, as shown in Table 2 . It is important to mention that these postexercise albumin excretors had a significant rise in the ACR after physical activity: from a normal mean ACR of 0.79 mg/g at rest to an abnormally high ACR of 52.2 mg/g after exercise (P Ͻ 0.001), meeting the criteria for MA. As mentioned above, this effect was not demonstrated for the rest of the study group. Participants in the top quartile of ACR had significantly higher fasting glucose, triglycerides, body mass index, and systolic blood pressure as well as higher frequencies of MS.
As for the reduction in specific activity, we assume that this reduction is due to urine dilution, as in our clinical setting the first urine sample was obtained in the morning after a night fast while the second urine sample was attained later during the morning, after breakfast that included drinking. It may explain the reduction in postexercise urinary creatinine concentration and further emphasize the strength of our finding. Another possible mediator of the EiA is the postural-related albuminuria. It is known that postural changes can cause excretion of urinary albumin; however, the study protocol was uniform for the entire cohort, and, therefore, we do not assume that postural-related albuminuria will have a significant impact.
EiA in the absence of rest MA may express earlier and less advanced impairment in the renal vasculature. During stress, a rise in glomerular hydrostatic pressure may occur due to various mechanisms related to dysmetabolism (e.g., diastolic dysfunction and elevated blood pressure), which may lead to increased glomerular permeability and subsequent albuminuria. We assume that increased glomerular blood flow is correlated to the exercise load, and, therefore, we adjusted for METS.
Clinical implications. A reduction in MA excretion is related to favorable cardiovascular outcomes (3, 16) . Early treatment of diabetic or hypertensive patients with angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, Ca 2ϩ channel blockers, or ␤-blockers was effective in lowering rest MA (8, 30) . Determination of MA after exercise may serve as "stress test." We suggest that stress test-induced albuminuria may provide a tool to detect high-risk individuals who require careful followup and possible refinement of preventive treatment.
Unlike previous studies and recommendations of advisory boards considering overt MA (5), our main interest was to explore individuals without rest MA, since this group is considered as healthy by their primary care physician. According to our findings, those who had no signs of MA before the exercise but developed EiA might be considered as high-risk individuals who require careful followup and possible refinement of preventive treatment.
As a thorough search of the literature did not reveal data regarding the association of EiA on outcomes or prognosis, we believe that future prospective studies will be required to evaluate the significance of these findings.
Strengths and limitations. The main strength of the present study is that is relies on a relatively large cohort of apparently healthy individuals. Another important strength is the demonstration of abnormally high postexercise ACR within the group of relatively dysmetabolic individuals of the study population. However, there are several limitations. First, the study population comprised mainly apparently healthy and relatively young subjects; therefore, our results are applicable only to this specific population. Second, the cutoff used to define EiA was arbitrarily set. We used the manufacturer's threshold (originally set for rest MA detection) to achieve high sensitivity on one hand and a uniform and accepted threshold for MA on the other, as described in METHODS and in similar studies (4, 14, 38) . Third, population interference cannot be drawn from this type of cohort design.
Another limitation is the fact that the timing of second urine sample was not recorded, although it was drawn within 3 h of the stress test. As previously demonstrated, postexercise sampling timing may have an impact on the EiA response (19) . The achieved Bruce protocol test stages and duration of exercise time were not recorded and therefore could not be compared between groups. Thus, we cannot rule out a potential confounding of differences in exercise time.
An additional limitation of our study is the potential confounder of postural-related albuminuria. It has been established that MA might develop in normal subjects by a physiological response after strenuous exercise or upon standing (27, 32, 37) . However, our study for the entire cohort was performed using the same protocol and most individuals were sitting while waiting to provide the urine sample. Nevertheless, our protocol was not designed to exclude individuals with postural-related albuminuria, and future studies will be needed to evaluate these limitations.
Conclusions. Albuminuria after an exercise test in individuals with no MA at rest is related to MS. Future studies would be needed to determine whether EiA reflects or can predict underlying endothelial dysfunction in individuals with MS without rest MA. 
